Atherosclerosis remains one of the major causes of death and premature disability in developed countries. Though atherosclerosis was formerly considered a bland lipid storage disease, substantial advances in basic and experimental sciences have illuminated the role of endothelium, inflammation and immune mechanisms in its pathogenesis. Current concept of atherosclerosis is that of a dynamic and progressive disease arising from injury to endothelium, also known as endothelial dysfunction and an inflammatory response to that injury. The lesions of atherosclerosis occur principally in large and medium sized arteries. Atherosclerosis affects various regions of the circulation preferentially and can lead to ischemia of heart, brain or extremities resulting in infarction. This produces distinct clinical manifestations depending on the vessel involved. Several predisposing factors to cardiovascular diseases such as diabetes mellitus, hypertension, obesity, infections act as triggers to the development of atherosclerosis by causing endothelial dysfunction and/or promoting inflammatory response. The evolution of pathogenetic mechanisms has passed through various directions such as oxidative stress, inflammation and immune responses. It is now known that all these are not acting independently but are interrelated and getting unified in the current concept of atherogenesis. The following discussion aims at providing an insight into these developments which can help in a better comprehension of the disease and management of its clinical complications.
Atherosclerosis remains one of the major causes of death and premature disability in developed countries. Current predictions estimate that by the year 2020, cardiovascular diseases, notably atherosclerosis will become the leading global cause of total disease burden. 1 Many generalized or systemic risk factors predispose to its development. Atherosclerosis affects various regions of the circulation preferentially and produces distinct clinical manifestations depending on the vessel involved. This can lead to ischemia of heart, brain or extremities resulting in infarction. Though, atherosclerosis was formerly considered a bland lipid storage disease, substantial advances in basic and experimental sciences have illuminated the role of endothelium, inflammation and immune mechanisms. 2 Current concept of atherosclerosis is that of a dynamic and progressive disease arising from injury to endothelium, also known as endothelial dysfunction and an inflammatory response to that injury. 3 
THE PROCESS OF ATHEROGENESIS

Endothelial dysfunction
Vascular endothelium is regarded as a functional barrier between vessel wall and blood stream. Studies have found that besides being an inert barrier, endothelium has several other important functions such as coagulation, fibrinolysis, vascular tone, growth and immune response. Endothelial status may be regarded as an integrated index of all atherogenic and atheroprotective factors. Vascular homeostasis is maintained by a balance between endothelium derived relaxing and contracting factors. Disruption of this balance causing injury is called endothelial dysfunction. This is mediated by various risk factors and results in increased susceptibility of the vasculature to atheroma formation. Thus, the term endothelial dysfunction implies diminished production or bioavailability of nitric oxide (NO), the endothelium derived relaxing factor. 4 Endothelial dysfunction promotes inflammation within the vessel wall, thus setting the stage for the initiation and progression of an atherosclerotic lesion.
Formation of foam cells
Initiation of inflammatory response involves increased expression of adhesion molecules and chemoattractants ( Table 1) that promote the adherence of cells to endothelium that include platelets and monocytes. When activated, platelets release their granules, which contain cytokines and growth factors that, together with thrombin, may contribute to the migration and proliferation of smooth muscle cells and monocytes, formation of prostaglandins such as thromboxane A2, one of the most potent vasoconstricting and plateletaggregating substances known, or into leukotrienes, which can amplify the inflammatory response. 5 Several mediators such as pro inflammatory cytokines, acute phase proteins like the C-reactive protein (CRP), protease activated receptor signaling, oxidized low density lipoprotein (OxLDL) uptake via lectin-like ox-LDL receptor-1 (LOX-1), CD40 / CD40 ligand interactions also induce the expression of adhesion molecules. [6] [7] [8] [9] [10] The monocytes adhered to the endothelium migrate across the endothelium. Once within the arterial intima, the monocytes develop into macrophages and begin to express scavenger receptors such as Scavenger receptor A (SR-A), LOX-1, which internalize the modified lipoproteins. 11, 12 This gives rise to lipid laden macrophages, known as foam cells, which are characteristic of early atherosclerotic lesions. These foam cells within the atheroma begin to secrete proinflammatory cytokines which further maintain a chemotactic stimulus for adherent leucocytes, augment the expression of SR-A and promote macrophage replication (Figure 1 ).
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Progression of inflammation to plaque formation and expansion The progression of fatty streak into atheromatous plaque occurs by the proliferation of smooth muscle cells (SMC), their migration towards intima and synthesis of colla- 
TRIGGERS FOR ENDOTHELIAL DYS-FUNCTION / INFLAMMATION
Various predisposing factors to cardiovascular diseases act as triggers to the development of atherosclerosis by causing endothelial dysfunction and/or promoting inflammatory response. These include diabetes mellitus, hypertension, obesity and infections. Hypertension contributes to endothelial dysfunction through elevated concentrations of angiotensin II, which increases smooth muscle lipoxygenase activity, inflammation and the oxidation of LDL. 16 Diabetes is yet another risk factor for atherosclerosis. The hyperglycemia associated modification of macromolecules forming advance glycation end products (AGE), 17 augment the production of proinflammatory cytokines and other inflammatory pathways in vascu- . The diabetic state also promotes dyslipidaemia and oxidative stress. 18 Obesity not only predisposes to insulin resistance and diabetes, but also contributes to atherogenic dyslipidemia. Adipose tissue can also synthesize proinflammatory cytokines TNF-α and IL-6. 19 Dyslipidaemia observed in these disease states which is in the form of increased very low density lipoprotein (VLDL), intermediate density lipoprotein and low density lipoprotein (LDL) as well as decreased high density lipoprotein (HDL) also has direct atherogenic potential. Homocysteine is toxic to endothelium and is prothrombotic, and it increases collagen production and decreases the availability of nitric oxide. 16 Several reports have shown a correlation between the incidence of atherosclerosis and infections. 20 
EVOLUTION OF PATHOGENIC MECHANISMS Dyslipidaemia
Understanding of the pathophysiology of atherosclerosis traditionally rested on studying the role of cholesterol, cholesterol trafficking lipoproteins, and cellular and molecular mechanisms regulating cholesterol metabolism. 21, 22 VLDL and LDL are now known to undergo oxidative modification and oxidized LDL has been shown to contribute to the atherosclerotic lesion at various levels including causation of endothelial dysfunction. In addition, some evidence suggests that beta VLDL particles may themselves activate inflammatory functions of vascular endothelial cells 23, 24 . HDL protects against atherosclerosis through reverse cholesterol transport and transport of antioxidant enzymes such as plateletactivating factor acetylhydrolase and paraoxonase. 2 Thus, the role of modified lipoproteins in the pathogenesis of atherosclerosis has been well appreciated and understanding of the molecular pathways that regulate cholesterol metabolism enabled development of drug therapies that have proved to be effective in reducing clinical events in broad categories of individuals. However, it was observed that a substantial proportion of cardiovascular events occur in individuals without demonstrable dyslipademia. This led to further probing of the pathogenesis of atherosclerosis which resulted in better understanding of the molecular mechanisms underlying the disease. Oxidative stress and atherosclerosis: Several studies have examined the potential role of oxidative stress in atherogenesis. Initially, it was thought that the role of oxidative stress in atherosclerosis is mainly oxidative modification of LDL in the arterial wall by reactive oxygen species (ROS). Common risk factors for atherosclerosis like hypercholesterolemia, diabetes mellitus, arterial hypertension, smoking, and age increase the production of free ROS, not only from the endothelial cells, but also from the smooth muscle cells and the adventitial cells 25 . Initially it was believed that if LDL oxidation is prevented by using antioxidants, atherosclerosis and its complications can be prevented clinically. Many clinical trials were also conducted but with controversial reports. This created a need to probe further into the role of oxidative stress in atherosclerosis. Current evidence suggests that free radicals have more significant role to play in atherogenesis. They induce endothelial dysfunction, an initial and critical step in atherogenesis. The ROS induce the expression of adhesion molecules vascular adhesion molecule 1 (VCAM-1) and monocyte chemattranct protein 1 (MCP-1). 26 These changes may induce alterations in the structure and function of endothelial cells and contribute to the initiation of atherosclerosis. 27 
ROS
reduce the production and consequently the bioavailability of nitric oxide (NO), leading to vasoconstriction, platelet aggregation and adhesion of neutrophils to the endothelium. 28 Oxidative stress leading to increased hydrogen peroxide causes phosphorylation of tyrosine kinases, which leads to stronger binding of neutrophil cells on endothelium and alteration of vessel permeability. 29 The interaction of superoxide with NO leads to the production of peroxynitrite, a substance less effective for the activation of guanylate cyclase and reduced bioavailability of NO. In stages of advanced atherosclerosis, despite the fact that NO production remains the same, decomposition of NO from ROS is increased. 30 Another mechanism through which hydrogen peroxide affects atherogenesis is the production of transcription factors such as nuclear factor IB (NF-IB) and activator protein 1 (AP-1), which participate in the expression of adhesion molecules. 31, 32 Thus, oxidative stress contributes significantly to the inflammatory response leading to atherosclerosis. Many of the enzymes of oxidative stress such as xanthine oxidase and nicotinamide adenine dinucleotide phosphate (NADPH) oxidase are expressed in vascular endothelial cells and contribute to the production of reactive oxygen species. In response to inflammation or endothelial cell injury, these enzymes are activated in vascular cells. 27 Glutathione (GSH) and related enzymes, such as glutathione peroxidase or glutathione transferase, occur in extracellular spaces such as plasma and are thought to play an important role in protecting the vascular system against oxidative stress. Lundberg et al 33 found glutaredoxin-1 (GRX1), the mitochondrial type of glutaredoxin, in human serum and suggested an extracellular redox system of GSH/GRX1, shown to be involved in the critical role played by vascular smooth muscle cells in the pathogenesis of atherosclerosis. The protective effects of estrogens, and also dehyroepiandrosterone appear to be mediated by their effects on oxidative stress. 34 The above discussion helps us to appreciate that our understanding of contribution of oxidative stress to atherogenesis is not yet complete and there is scope for better understanding and novel therapeutic applications in this area.
Inflammmation and atherosclerosis
The basic mechanism of plaque formation is now known to be due to the inflammatory response to endothelial injury. The evidence of inflammation in formation of atherosclerotic plaque comes from observation of lesions at various stages of development which are typical of an inflammatory response. The atherosclerotic lesion does not occur when endothelium is normal but occurs only as a response to injured endothelium, also known as endothelial dysfunction. There is involvement of leukocytes, connective tissue cells (smooth muscle cells) and extracellular matrix (collagen). The role of inflammatory cytokines is now well established. The continued inflammatory response is also able to explain the complications that occur i.e., the plaque rupture and thrombosis. 2, 15 The role of inflammation in atherosclerosis has been mostly derived from studies in animal models using apolipoprotein E (apo E -/ -) or LDL receptor (LDL-R -/-) deficient mice. Mice with apo E -/-showed massively increased cholesterol levels and developed accelerated atherosclerosis with extensive lipid deposition on major arteries. 35 The knowledge gained from the link between inflammation and atherosclerosis resulted in yielding predictive and prognostic information of considerable clinical utility. The role of inflammatory markers such as CRP in predicting cardiovascular risk has been well estab-lished. 36 These new insights into inflammation in atherosclerosis not only helped in increasing the understanding of the disease, but also have practical clinical applications in risk stratification and targeting of therapy. The profound anti inflammatory actions of statins, acetyl salicylic acid and angiotensin converting enzyme inhibitors may partly be responsible for their stroke prevention effects.
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Immunity and atherosclerosis
The major leukocytes involved include monocyte and lymphocytes rather than granulocytes. An important finding has been that the atherosclerotic plaques were heavily infiltrated by CD4+ Tlymphocytes 38 . This finding of immune response mediating cells in the atherosclerotic lesions led to the hypothesis that the inflammatory response observed in atherosclerosis is that of immune mediated inflammatory response. During recent years, experiments in gene targeted mice have provided considerable evidence in support of the role of immune mechanisms in atherosclerosis. Atheroma formation is not contributed by macrophages alone, but also by T-cells, dendritic cells and mast cells 3 . Entry of Tlymphocytes into the arterial intima is facilitated by their binding to adhesion molecules such as VCAM -1. Once within the arterial intima, T-cells may become activated by encountering antigens such as Ox-LDL and begin to secrete cytokines, which further can influence macrophage activity. Activated macrophages express class II histocompatibility antigens such as HLA-DR that allows them to present antigens to T-lymphocytes. T-cells are activated when they bind to the antigen processed and presented by macrophages and this activation results in the secretion of cytokines, including interferon γ (IFN-γ) and tumor necrosis factor (TNF-α and-β), that amplify the inflammatory response 16 .Thus, cell mediated immune response may also be involved in atherogenesis and both CD4 and CD8+ Tcells are present in the lesions at all stages 39 . Further evidence of immune activation in atherosclerotic lesions is provided by the up regulated expression of an immuno regulatory molecule CD40 ligand and its receptor CD40 in these lesions. Both molecules are expressed by macrophages, T-cells, endothelium and smooth muscle cells 40 . The vascular endothelial cells and smooth muscle cells have been shown to be important targets for inflammatory cytokines and produce significant amounts of cytokines themselves on stimulation. 41, 42 Dendritic cells play an important role as specialized antigen presenting cells required for the activation of naive T-cells and the development of antigen specific Tcell mediated immune responses. 43 Potential candidate T-cell antigens in atherosclerosis involve both autoantigens as well as microbial derived antigens (Table 2) . Antigen presentation to T-cells promotes generation of antigen specific pathogenic and / or regulatory T-cells. 43 Macrophages are important cells in mediating inflammation, innate and adaptive immune responses all of which are important in atherogenesis. 44 Macrophages take up modified lipoproteins through scavenger receptors. The process is regulated by cytokines and scavenger receptor A (SR-A) can also internalize antigens which are routed for presentation to T-cells. 45, 46 Scavenger receptors may act as an important link between innate and adaptive immunity by binding foreign antigens and initiating their transfer to antigen processing as well as degradative compartments. Most of the T-cells in atherosclerotic lesions are CD 3+ CD4+ Tcell receptor (TCR) αβ + cells. 47, 48 Many are largely of T helper (Th1) subtype, which secrete IFN-γ, IL-2 and TNF-α and-β, which are important in causing macrophage activation, vascular activation and inflammation. 49 Th1 differentiation is stimulated by cytokine IL -12, produced by dendritic cells and macrophages / monocytes. 50 Osteopontin, also known as early T-lymphocyte activation protein is needed for Th1 responses and promotes IL-12 expression and granuloma formation 51 . It has been proposed that IFN-γ producing T-cells could play an important role in plaque destabilization by reducing the fibrous cap. 52, 53 Th1 cells could also participate in the proinflammatory cytokine cascade, for instance, IFN-γ produced by Th1 cells stimulate IL-1 secretion by macrophages, IL-1 further stimulates SMC to produce IL-6, 54 which is a mediator present in atherosclerotic lesion. The cascade also involves secretion of CRP 55 and it has been shown that even a modestly increased CRP was found to be a risk factor for coronary heart disease in healthy, middle aged men.
56
Th2 cytokines such as IL-4, IL-5 and IL-10 are less abundant than cytokines of the Th1 subtype in end stage human lesions. 49 Cytokines of Th1 and Th2 are cross regulatory in that IL -10 acts as an inhibitor of Th1 pathway and IL-12 is a Th2 inhibitor. 44 A third helper cell called Th3 has also been described. Activated Th3 cells produce transforming growth factor-β (TGF-β), another cytokine which is anti inflammatory in nature, stimulates collagen synthesis and is fibrogenic. Several different cell types, including macrophages, SMCs and Th3 cells can express TGF-β which might be important for plaque stabilization. 44 Additional cells in atherosclerotic lesions are CD8+ T-cells, a subpopulation of Tcells with cytotoxic activity (cytotoxic Tcells). These are activated when antigens are presented in association with class I major histocompatibility complex (MHC).
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CD8+ T-cells have been proposed to cause some of the wide spread apoptosis that is associated with atherosclerosis 57 though however, apoptosis can also be induced by other factors such as reactive oxygen and nitrogen species. 58 Thus, activation of CD4+ as well as CD8+ Tcells can lead to cell death in lesions.CD8+ T-cells respond to antigens by their cytotoxic activity and also by secretion of cytokines in a manner parallel to that observed for Th1 and Th2 cells. 44 Other types of lymphocytes such as B cells and Natural killer (NK) cells are less frequently found in advanced human lesions, but B-cell infil- 44, 59 Thus the imbalance between pro-and antiinflammatory immune responses appears to be responsible for the development of atherosclerosis. The Th1 response is considered to be proinflammatory and Th2 response is considered to be antiinflammatory. The regulation of the balance between Th1 and Th2 immune responses appears to be controlled by another T-cell subset referred to as regulatory T-cells (Tregs). Th2 responses are also recognized in advanced stages of atherosclerosis, and there seems to be a shift of the immune response towards a Th2 type, indicating that in late stages the immune system is trying to overcome the proinflammatory damage. The balance between Th1 and Th2 responses decides the plaque formation and stability. 60 
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Clinical applications
The ultimate aim of understanding the mechanisms is to develop markers of disease and design novel therapeutic modalities for the prevention and regression of atherosclerotic lesions. Today we have a separate set of cardiovascular risk markers known as "novel"or "nontraditional" in routine clinical use based on the current understanding of atherosclerotic mechanisms (Table-3 ). Examples include high sensitivity CRP (hsCRP), homocys- 
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